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Abstract. The consequences of drug residues’ presence in animal organism and food products 
of animal origin represent an actual problem, due to the high diversity of drugs used for therapy. The 
presence of residues in food products is accepted under some maximum residues limits (MRLs) that 
are strictly established and accepted for each type of molecule. 
The aim of this research was the comparative study of enrofloxacin and ciprofloxacin residues 
depletion in pork after the administration to pigs of two enrofloxacin pharmaceutical forms (oral 
solution 10% and powder 40%), for 5 days, in the manufacturer’s recommended doses.  
The pigs were slaughtered at various time intervals after treatment’s interruption; the samples 
were analyzed by high performance liquid chromatography method (HPLC). Considering the 
pharmacokinetics of enrofloxacin (ciprofloxacin is a metabolite of enrofloxacin), residues level in pork 
was presented as sum of enrofloxacin and ciprofloxacin in mg/kg.  
After the administration of enrofloxacin to pigs, the depletion of enrofloxacin and 
ciprofloxacin residues in pork meat was generally balanced, but the biggest amount of enrofloxacin 
wass eliminated especially during the first days after treatment’s interruption. 
In the case of enrofloxacin, the determined withdrawal period for pork meat was 6-8 days, 
depending on the pharmaceutical form and the concentration of the drug. 
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INTRODUCTION  
 
A very important problem nowadays for food hygiene is the presence of toxic 
substances, which, in some situations, can affect the metabolic and clinic status of the 
consumers. 
The consequences of drug residues’ presence in animal organism and animal origin 
food products represent an actual problem, due to the high diversity of drugs used in therapy. 
The presence of residues in food products is accepted under some maximum residues 
limits (MRLs) that are strictly established and accepted for each type of molecule 
(EMEA/MRL/820, 2002). 
In this study, there were determined enrofloxacin and ciprofloxacin residues in pork 
meat after the administration to pigs of two enrofloxacin pharmaceutical forms, for 5 days, in 
the manufacturer’s recommended doses.  
 Enrofloxacin is a chemotherapic from the group of fluoroquinolones, with a large 
range of action, consisting in positive and also negative Gram germs, excluding the anaerobes 
ones (Cristina, 2006). It has a high rate of absorption, this being almost complete at intestinal 
level; the maximum blood level is rapidly installed and the concentration in tissues is higher 
than in blood (Nielsen and Gyrd-Hansen, 1997). Its biotransformation takes place in the liver, 
some of the resulted metabolites as active and inactive fractions being eliminated into urine. 
One of the active metabolites is ciprofloxacin (Romanian Pharmacopoeia, 1993). 
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 The mechanism of action consists in blocking DNA-gyrase enzyme; this way 
enrofloxacin affects the bacterial DNA integrity (Cristea, 2005; Fulga, 2004). 
The aim of this research was a comparative study of enrofloxacin and ciprofloxacin 
residues depletion in pork meat depending on the used pharmaceutical form and 
concentration.  
 
MATERIALS AND METHODS 
 
 In this study there were used Enroflox oral solution 10% and Enroflox powder 40%, 
administered in dose of 5 mg/kg/day to 3 months-aged piglets, for 5 days. 
 For economic reasons, the piglets were slaughtered at different intervals after 
treatment’s interruption (days 1, 3, 4, 6 in case of the pigs treated with Enroflox oral solution 
10% and days 2, 5, 7 in case of the pigs treated with Enroflox powder 40%). The muscle 
samples were sampled from different areas, they were minced and then extracted with 
methanol. After centrifugation (10 minutes at 4000 rpm), they were concentrated using a 
rotary evaporator. 
 For the separation of the compounds it was used high performance liquid 
chromatography (HPLC), using the following parameters: 
- stationary phase: SS EXSIL ODS 5 µm, 150x4,6 mm; 
- mobile phase A: 4,5 ml trimetilamine with 860 ml distilled water; the solution was 
homogenized and brought to pH 2,3 with 85% orto-phosphoric acid; 
- mobile phase B: acetonitril Chromasolv HPLC gradient grade; 
- analysis period: 20 minutes;  
- debit: 1 ml/min; 
- mobile phase A : mobile phase B = 86,3 : 13,7; 
- wave-length: 280 nm; 
- domain: 5 – 0,1 ppm (mg/kg tissue). 
 
RESULTS AND DISCUSSIONS 
 
 Enrofloxacin is well absorbed after oral administration. It realizes high tissue 
concentrations; it is metabolized in liver and eliminated mainly through kidneys.  
 The residual levels of enrofloxacin in pork meat after the administration of Enroflox 
oral solution 10% are presented in Tab. 1. Taking into consideration the pharmacokinetics of 
enrofloxacin, the level of residues was expressed as sums of enrofloxacin and ciprofloxacin. 
 
Tab. 1 
Enrofloxacin and ciprofloxacin residues in pork meat after the administration of Enroflox oral solution 10% 
(HPLC values) 
 
Days after treatment 
interruption 
Σ of ciprofloxacin and enrofloxacin  
(mg /kg) 
1 0.386 
3 0.176 
4 0.028 
6 < LOD 
 LOD = method’s Limit of Detection 
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From table 1 it can be observed that the residual level of enrofloxacin decreases after 
treatment’s interruption, so that in the sixth day it is under the detectable amount limit. During 
this interval, the enrofloxacin concentration decreasing rate is balanced. 
 Taking into consideration the logarithmic equation Y = -0.2256 Ln(X) + 0.3887, 
equation established on the base of the valued determined by HPLC, it could be estimated the 
residual levels of enrofloxacin and its active metabolite ciprofloxacin present in pork meat 
also in the 2nd and 5th day after treatment’s interruption (days in which pigs weren’t 
slaughtered) (Tab. 2): 
- for the 1st day:  Y= -0.2256 Ln(1) + 0.3887 = 0.3887 
- for the 2nd day:  Y= -0.2256 Ln(2) + 0.3887 = 0.2323 
- for the 3rd day:  Y= -0.2256 Ln(3) + 0.3887 = 0.1408 
- for the 4th day:  Y= -0.2256 Ln(4) + 0.3887 = 0.0759 
- for the 5th day:  Y= -0.2256 Ln(5) + 0.3887  = 0.0256 
- for the 6th day:  Y= -0.2256 Ln(6) + 0.3887  = -0.0155 
 
Tab. 2 
Enrofloxacin and ciprofloxacin residues in pork meat, calculated by logarithmic equation (Enroflox oral solution 
10%) 
 
Day of 
slaughtering 
Σ of ciprofloxacin and enrofloxacin 
(mg/kg) –real values (HPLC) 
Σ of ciprofloxacin and enrofloxacin (mg/kg) 
- value from logarithmic equation 
1 0.386 0.3887 
2 - 0.2323 
3 0.176 0.1408 
4 0.028 0.0759 
5 - 0.0256 
6 < LOD -0.0155 
 LOD = method’s Limit of Detection 
  
A more complete presentation of the biological circuit of enrofloxacin 10% is 
presented in Tab. 3. It can be observed that the biggest amount of eliminated drug is recorded 
at 48 hours after treatment’s interruption.  
 
Tab. 3 
Pharmacokinetic parameters of Enroflox oral solution 10% 
 
Day of 
slaughtering 
Hours after 
treatment 
interruption  
Σ of ciprofloxacin 
and enrofloxacin 
(mg/kg) 
Eliminated 
amount 
(mg/kg) 
Eliminated 
fraction 
1 24 0.3887 - - 
2 48 0.2323 0.1564 0.40 
3 72 0.1408 0.0915 0.39 
4 120 0.0759 0.0649 0.46 
5 144 0.0256 0.0503 0.66 
6 168 -0.0155 - - 
Average = 0.48 
 Enrofloxacin and ciprofloxacin residues depletion after the administration of 
Enrofloxacin oral solution 10% is presented in Fig. 1. 
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Fig. 1. Depletion of ciprofloxacin and enrofloxacin residues in pork meat after the administration of Enroflox 
oral solution 10% 
 
 Enrofloxacin and ciprofloxacin residues in pork meat after oral administration of 
Enroflox powder 40% are presented in Tab. 4. 
 
Tab. 4 
Enrofloxacin and ciprofloxacin residual levels in pork meat after the administration of Enroflox powder 40% 
(HPLC values) 
 
Day of slaughtering after 
treatment interruption 
Σ of ciprofloxacin and enrofloxacin (mg 
/kg) 
2 0.478 
5 0.097 
7 0.069 
 
Taking into consideration the logarithmic equation: Y = -0.3453Ln(X) + 0.7037, 
equation established on the base of the valued determined by HPLC, it could be estimated the 
residual levels of enrofloxacin and its active metabolite ciprofloxacin present in pork meat 
also in the 1st, 3rd, 4th and 6th day after treatment’s interruption (days in which pigs weren’t 
slaughtered) (Tab. 5): 
- for the 1st day:     Y= -0.3453Ln(1) + 0.7037= 0.7037 
- for the 2nd day:     Y= -0.3453Ln(2) + 0.7037= 0.464 
- for the 3rd day:     Y= -0.3453Ln(3) + 0.7037= 0.324 
- for the 4th day:     Y= -0.3453Ln(4) + 0.7037= 0.225 
- for the 5th day:     Y= -0.3453Ln(5) + 0.7037= 0.148 
- for the 6th day:     Y= -0.3453Ln(6) + 0.7037= 0.085 
- for the 7th day:     Y= -0.3453Ln(7) + 0.7037= 0.031 
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Tab. 5 
Residual levels of enrofloxacin and ciprofloxacin in pork meat, calculated by logarithmic equation (Enroflox 
powder 40%) 
 
Day of slaughtering 
Σ of ciprofloxacin and 
enrofloxacin (mg/kg) –real 
values (HPLC) 
Σ of ciprofloxacin and enrofloxacin 
(mg/kg) - value from logarithmic 
equation 
1 - 0.704 
2 0.478 0.464 
3 - 0.324 
4 - 0.225 
5 0.097 0.148 
6 - 0.085 
7 0.069 0.031 
 
 
From Tab. 4 and 5 it can be observed that enrofloxacin and ciprofloxacin residues in 
pork meat after the administration of enrofloxacin powder 40% decrease from the first days 
after treatment interruption, so that in the 8th day, the residues cannot be detected any longer. 
Also, in Tab. 6 it can be observed that the level of the daily eliminated amount 
obviously decreases till the end of the mentioned interval (0,240 mg/kg in the first day, 
comparatively to 0,054 mg/kg in the 7th day). 
 
Tab. 6 
Pharmacokinetic parameters of Enroflox powder 40% 
 
Day of 
slaughtering 
Hours after 
treatment 
interruption  
Σ of 
ciprofloxacin 
and 
enrofloxacin 
(mg/kg) 
Eliminated 
amount 
(mg/kg) 
Eliminated 
fraction 
1 24 0.704 - - 
2 48 0.464 0.240 0.34 
3 72 0.324 0.140 0.30 
4 120 0.225 0.099 0.31 
5 144 0.148 0.077 0.34 
6 168 0.085 0.063 0.43 
7 192 0.031 0.054 0.64 
Average= 0.39 
 
 
 Enrofloxacin and ciprofloxacin residues depletion after the administration of 
Enrofloxacin powder 40% is presented in Fig. 2. 
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Fig. 2. Depletion of ciprofloxacin and enrofloxacin residues in pork meat after the administration of Enroflox 
powder 40% 
 
The enrofloxacin and ciprofloxacin residual levels in pork meat after administration of 
Enroflox solution 10% are lower compared to the levels of the same substances after the 
administration of Enroflox powder 40% (Tab. 7). 
 
Tab. 7 
Enrofloxacin and ciprofloxacin residues in pork meat after the administration of Enroflox oral solution 10% and 
Enroflox powder 40% - values obtained from logarithmic equations 
 
Day of slaughtering after 
treatment interruption 
Enrofloxacin oral solution 
10% (mg/kg) 
Enrofloxacin powder 40% 
(mg/kg) 
1 0.3887 0.704 
2 0.2323 0.464 
3 0.1408 0.324 
4 0.0759 0.225 
5 0.0256 0.148 
6 - 0.0155 0.085 
7 - 0.031 
 
 
Comparing the pharmacokinetics of the enrofloxacin under these two forms, it can be 
observed that the enrofloxacin and ciprofloxacin residual values in pork meat after 
administration of enrofloxacin solution 10% are lower than the ones obtained after using 
enrofloxacin powder 40%. Analyzing the eliminated fractions, the average value was 0.48 in 
the case of enrofloxacin solution 10% and 0.39 in the case of enrofloxacin powder 40%. 
In the presented figures and tables it can be observed the decrease of ciprofloxacin and 
enrofloxacin values in pork after treatment interruption. Thus, in the 6th day for Enroflox 10% 
and in the 8th day for Enroflox 40%, the curve trends to be tangent to zero, and between the 
fifth and sixth day, respectively between the seventh and the eighth day, the curve crosses the 
X axis, which means that enrofloxacin and ciprofloxacin residues are no longer present in 
meat (Fig. 3). 
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Fig. 3. Comparative curves of enrofloxacin + ciprofloxacin residues in pork meat depending on the used product, 
calculated by logarithmic equation  
 
CONCLUSIONS  
 
After the administration of enrofloxacin to pigs, the depletion of enrofloxacin and 
ciprofloxacin residues in pork meat is generally balanced, but the biggest amount of 
enrofloxacin is eliminated especially during the first days after treatment’s interruption. 
In the 6th day (in case of enrofloxacin oral solution 10%) and the 8th day (in case of 
enrofloxacin powder 40%), enrofloxacin and ciprofloxacin residues are no longer present in 
pork meat. 
The pharmacokinetics of enrofloxacin demonstrates that the withdrawal period for 
pork meat is short (6–8 days), depending on the pharmaceutical form and the used 
concentration. 
In order to reduce the number of slaughtered pigs, it can be used a logarithmic 
equation, estimating this way the level of enrofloxacin residues in pork meat in the days in 
which pigs weren’t slaughtered. .  
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